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ABSTRACT
Badley,  Ruth H. , M.S.,  Spr ing ,  1977 Geology
Petrography and Chemistry o f  the East Fork Dike Swarm, R a v a l l i  Co.,  
Montana
D i r e c to r :  Dr. Donald Hyndman
The East Fork d ike  swarm co n s is ts  o f  several d i f f e r e n t  types o f  
p o r p h y r i t i c  f e l s i c  d ikes .  I t  outcrops along the East Fork o f  the 
B i t t e r r o o t  R iver  in  an area approx imate ly  s ix teen  by f o u r  k i l o ­
meters in  o u t l i n e  and is  thought to  represen t  a small p o r t io n  o f  
the Idaho Porphyry B e l t  which outcrops i n t e r m i t t e n t l y  from Boise, 
Idaho to  Helena, Montana. The Idaho Porphyry B e l t  co n s is ts  o f  a 
se r ie s  o f  c a l c - a l k a l i n e  vo lcan ic  ce n te rs ,  the la r g e s t  o f  which 
is  loca ted  near C h a l l i s ,  Idaho. The East Fork Swarm i s  thought to  
rep resen t  the northeasternmost l i m i t  o f  vo lca n ic  a c t i v i t y  o f  a 
sm a l le r  vo lc a n ic  cen te r  loca ted  in  the West Fork o f  the B i t t e r r o o t  
R iver  V a l ley .
Six  major d ike  types were d is t in g u is h e d  using both pé trog raph ie  
and chemical c h a r a c t e r i s t i c s  o f  the d ikes .  The most e a s i l y  
recogn izab le  o f  these,  the Mink Creek rh yodac i te  porphyry and the 
Mink Creek p o r p h y r i t i c  a n d é s i te ,  are cha rac te r ized  by la rge  
(up to  s i x  cen t im e te rs )  euhedral megacrysts o f  san id ine .  A l l  
the d ikes examined con ta in  p la g io c la se  fe ld s p a r  which i s  commonly 
s e r i c i t i z e d  and shows o s c i l l a t o r y  zoning and synneusis s t r u c tu r e .  
Quartz occurs as rounded phenocrysts in  a l l  d ikes except the 
Meadow Creek p o r p h y r i t i c  d a c i te .  B i o t i t e  and hornblende have been 
d e u t e r i c a l l y  a l t e re d  to  c h l o r i t e  p lus r u t i l e ,  sphene, ep ido te  
and /or  c a l c i t e  in  ne a r ly  a l l  d ikes observed.
The East Fork d ikes are chem ica l ly  s im i l a r  and range in  compo­
s i t i o n  from andés i te  to  rh y od ac i te .  Composit ions were determined 
us ing x - ra y  f luo rescence  techn iques.  The average composit ion o f  
the East Fork d ikes i s  rh y o d a c i te ,  w h i le  the most f r e q u e n t l y  
o ccu r r in g  rock type i s  d a c i te .  Rocks names were determined 
w i t h  a c l a s s i f i c a t i o n  designed by Church (1975).
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A d i s t i n c t  n o r the a s tw a rd - t rend ing  se r ies  o f  T e r t i a r y  d ike s ,  
the Idaho Porphyry B e l t ,  may be observed on the Idaho and Montana 
s ta te  geo log ic  maps. These d ikes have been noted in  an area which 
ranges from no r theas t  o f  Bo ise,  Idaho to  no r th  o f  B u t te ,  Montana.
A p o r t io n  o f  t h i s  d ike  swarm outcrops in  the East Fork o f  the 
B i t t e r r o o t  R ive r  v a l l e y  in  southwestern Montana. The East Fork d ikes 
are p r im a r i l y  da c i te s  to  rhyodac i tes  in  com pos i t ion ,  whereas the 
Idaho Porphyry B e l t  as a whole c o n ta in s ,  in  a d d i t i o n ,  rocks o f  b a s a l t i c  
com pos i t ion ,  thus complet ing a compos i t iona l  range from b a sa l t  to  
r h y o l i t e .  The East Fork d ikes have a predominant ly  p o rp h y ry t i c  
t e x tu re  and con ta in  phenocrysts o f  q u a r tz ,  p la g io c la s e ,  K - fe ld s p a r ,  
b i o t i t e  and hornblende.
The present study was undertaken to  descr ibe  and c h a ra c te r iz e  
the d ikes located in  the East Fork o f  the B i t t e r r o o t  R iver  v a l l e y  
(h e re a f te r  r e fe r re d  to  as the East Fork d ikes  or  swarm). The d ikes 
were examined and descr ibed using pé t rog raph ie  and chemical techn iques. 
Whole rock chemical analyses were made o f  twe lve  major ou tc rops ,  using 
x - ra y  f luo rescence .  Two s u b s id ia ry  problems appeared a f t e r  the p r o je c t  
was begun: 1) the o r i g i n  o f  la rge  K - fe ld sp a r  megacrysts o ccu r r in g  in
the Mink Creek rhyod a c i te  porphyry and the Mink Creek p o r p h y r i t i c
1
a nd é s i te ;  and 2) placement o f  the d ikes w i t h i n  the Idaho Porphyry 
B e l t  and t h e i r  r e l a t i o n s h ip  to  nearby v o lc a n ic  cen te rs .
Loca t ion  o f  the Study Area
The study area is  loca ted  e ig h ty  m i les  (134 km) south o f  M issou la ,  
Montana (F ig .  1) and ten m i les  (16.6 km) no r th ea s t  o f  Su la ,  Montana 
along the East Fork o f  the B i t t e r r o o t  R ive r .  Major access to  the area 
is  prov ided by U.S. Highway 93, unpaved R a v a l l i  County and U.S. Forest  
Serv ice  roads. The East Fork area has been e x te n s iv e ly  logged, and 
abandoned logg ing  roads p rov ide  access as w e l l  as exposure. The study 
area is  bounded by L i t t l e  Mink Creek on the western margin and by 
M ar t in  and McCart Creek roads on the eastern margin. Dikes tend to  
be concentra ted a t  the western end o f  the area along Mink Creek Road 
and the East Fork o f  the B i t t e r r o o t  R ive r .
Regional Geology
The East Fork o f  the B i t t e r r o o t  R ive r  i s  loca ted w i t h i n  the eastern  
margin o f  the Idaho b a t h o l i t h  and a t  the southern end o f  the Sapphire 
Tecton ic  b lock .  I t  i s  in  the n o r theas t  p o r t io n  o f  the Idaho Porphyry 
B e l t .  The dikes are one o f  the more r e s i s t a n t  rock types in  the area 
and form a la rge  p o r t io n  o f  ou tc ropp ing  rock types. Other rock u n i t s  
in  the area in c lu d e  a b io t i t e -h o r n b le n d e  quar tz  d i o r i t e  phase o f  the 
Idaho b a t h o l i t h  and preCambrian metamorphic rocks c o n s is t in g  o f  medium 
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F igure 1. Locat ion  map o f  the East Fork Study Area, o u t l in e d  
w i th  s o l id  l i n e .  Typed l e t t e r s  designate type 
lo c a t io n s  f o r  East Fork Dikes.
observed on ly  as f l o a t  but are prominent on some r id g e  tops .
There are seven major types o f  d ikes  in  the East Fork Swarm. 
Composite d ikes are  common, and con ta in  up to  f i v e  d i f f e r e n t  types o f  
d ik e .  A p a r t i c u l a r  d ike  type may be repeated severa l  t imes in  a 
composite d ik e ;  however, no d i s t i n c t  pa t te rn s  o f  i n t r u s i o n  appeared.
The East Fork d ikes r a r e l y  show c h i l l e d  margins and n ea r ly  a l l  con tac ts  
w i th  o the r  dikes and the coun try  rock are v e r t i c a l .  Sample lo c a t io n s  
were noted on USFS 1:24000 p la n im e t r i c  road maps.
Dikes s im i l a r  to  those s tud ied  in  the East Fork area have been 
repor ted  both east  and west o f  the study area (F ig .  1). Flood (1974),  
Wiswall (1976), and Rebal (verba l  communication, 1976) have noted 
p o r p h y r i t i c  d ikes s im i l a r  to  the East Fork d ikes in  the v i c i n i t y  o f  
F ish t ra p  Creek in  the Anaconda P i n t l a r  Wilderness Area. West o f  the 
study area,  Berg (1973) has repor ted  p o r p h y r i t i c  d ikes in  the West 
Fork o f  the B i t t e r r o o t  R iver  V a l le y .  The r e l a t i o n s h ip  o f  some d ikes 
as feeders to  the o v e r ly in g  vo lcan ics  is  apparent in  t h i s  area 
(Hyndman, verbal communication, 1976).
CHAPTER I I  
THE IDAHO PORPHYRY BELT
Ear ly  T e r t i a r y  d ikes have been found in  a broad n o r th e a s t -  
t re n d in g  zone th roughout so u th -c e n t ra l  Idaho and southwestern Montana 
(F ig .  2 ) .  These d ik e s ,  which vary in  composit ion from b a s a l t  to  
r h y o l i t e ,  have been grouped toge the r  and c a l le d  the Idaho Porphyry 
B e l t ,  o r  less commonly, the Anaconda Range Dike Swarm (Badgely,  1965). 
Previous workers in  the Idaho Porphyry B e l t  in c lud e  Ross (1934),  
Anderson (1947) and Olson (1968).  The " type  area" f o r  the Idaho 
Porphyry B e l t  i s  loca ted in  the Boise Basin (Anderson, 1947) and many 
o f  the d ikes belonging to  the B e l t  are found in  areas co n ta in in g  
economic concen t ra t ions  o f  prec ious meta ls .  The r e la t i o n s h ip  between 
m in e r a l i z a t io n  and i n t r u s io n  o f  the d ikes  is  unc lear  and the d ikes 
are not  always found w i th  a corresponding area o f  m in e r a l i z a t i o n .
No s p e c i f i c  boundaries have been se t  f o r  the Idaho Porphyry B e l t .  
Bo ise,  Idaho is  commonly accepted as the southwestern l i m i t ,  w h i le  
B u t te ,  Montana i s  considered to  represen t  the northernmost l i m i t .
Other authors (Olson, 1968) have extended the nor the rn  l i m i t  o f  the 
Idaho Porphyry B e l t  (IPB) to  the Canadian border.  With t h i s  e x tens ion ,  
the IPB then would in c lude  most o f  the Centra l Montana Pétrograph ie  
Prov ince (Larsen, 1940) (F ig .  2) which i s  composed o f  rocks o f  
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Figure 2. The Idaho Porphyry B e l t  ( a f t e r  Olson, 1968 
and Badgely, 1965)
ro c k s ) .  I t  can on ly  be inc luded in  the IPB i f  the c o n t r o l l i n g  
s t r u c t u r e  is  a p r e - e x i s t i n g  basement zone o f  weakness which has had 
no e f f e c t  on chemical compos i t ion .  The more r e s t r i c t i v e  l i m i t s  as de­
f in e d  by Anderson (1947) and Badgely (1965) w i l l  be used in  t h i s  paper.
A p r e - e x i s t i n g  zone o f  s t r u c t u r a l  weakness w i t h i n  the basement has 
been c a l le d  upon by recen t  workers (Olson, 1968, and Hyndman, Badley, 
and Rebal, 1977) to  account f o r  the emplacement and leng th  (approx im ate ly  
400 km) o f  the Idaho Porphyry B e l t .  A l o c a l l y  im po r tan t  process in  
the fo rm at ion  o f  the IPB is  the i n t r u s i o n  o f  d ikes along f r a c tu r e s  t h a t  
re s u l te d  in  doming r e la te d  to  T e r t i a r y  p lu tons  (Olson, 1968, p. 121).
The East Fork d ikes have been inc luded in  the Porphyry B e l t  because 
o f  t h e i r  p o s i t i o n  w i t h i n  the zone o f  weakness.
To assume t h a t  the e n t i r e  leng th  o f  the Idaho Porphyry B e l t  i s  under­
l a i n  by a s in g le  source o f  magma i s  unreasonable. I t  appears more 
l i k e l y  t h a t  i t  represents  a se r ies  o f  separate but contemporaneous 
centers  o f  volcanism and in t r u s i o n  which are s i m i l a r  in  composi t ion .
These centers  o f  volcanism may be a r e s u l t  o f  f r a c t u r i n g  o f  the c ru s t  
which permits  r i s e  o f  b a s a l t i c  magmas from the mant le .  T h e i r  heat in  
t u rn  generates l o c a l i z e d  centers  o f  volcanism which are a n d e s i t i c  to  
r h y o l i t i c  in  compos i t ion .  Continued heat ing  and f r a c t u r i n g  would a l lo w  
e x t ru s io n  o f  mant le de r ived  basa l ts  (D. Founta in ,  verbal communicat ion, 
1977). Olson (1968)and Reid (1963) have noted a se r ies  o f  b a s a l t i c  
d ikes which appear to  be l a t e r  than the r h y o l i t i c  d ike s .  Reid (1963, 
p. 15) has placed diabase d ikes in  the Sawtooth Wilderness as feeders
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to  the Columbia R iver  b a s a l t s .  The t e c to n ic  h i s t o r y  o f  the Idaho 
Porphyry B e l t  i s  unknown and beyond the scope o f  t h i s  work. However, 
the s im p l i f i e d  model presented above appears reasonable in  l i g h t  o f  
a v a i la b le  in fo rm a t io n .
Centers o f  volcanism found on the Idaho Porphyry B e l t  in c lu de  the 
C h a l l i s  Vo lcan ics ,  an unnamed area in  the West Fork o f  the B i t t e r r o o t  
R iver  V a l le y  and the Lowland Creek Vo lcan ics .  The rocks found in  these 
areas are predominant ly  d a c i te  to  r h y o l i t e  in  compos i t ion .  In the 
West Fork area, d ikes can be seen as feeders to  the o v e r l y in g  vo lcan ics  
Vo lcan ic  rocks in  the East Fork area appear to  occur as a t h i n  veneer 
over the Idaho b a t h o l i t h ,  whereas in  the West Fork area,  a t h i c k  p i l e  
o f  vo lcan ics  is  apparent.  No ex tens ive  outcrops o r  f lows were observed 
I t  i s  proposed here t h a t  the d ikes found in  the East Fork area are not 
the source o f  the o v e r l y in g  veneer o f  v o lc a n ic s ,  but t h a t  t h i s  veneer 
represents  more ex tens ive  f lows which extend no r theas t  from the West 
Fork. The West Fork area represents  the source f o r  the magma cen te r  
inc luded in  the East Fork Swarm. The dikes have been in t rude d  along 
the zone o f  weakness, decreasing in  number w i t h  inc re as ing  d is tance  
from the West Fork Center (F ig .  3a).  The dikes were probably  in t rude d  
l a t e r a l l y  from the magma chamber, r a th e r  than from upward from i t  
(F ig .  3b).
The absence o f  ex tens ive  f lows  in  the East Fork area can be ex­
p la ined  in  two ways. F i r s t ,  i f  the cen te r  o f  vo lcanism i s  not  loca ted  
below the East Fork d ikes but to  the west in  the West Fork area, on ly
West Fo rk  Area




Volcan ic  Flows Di kes Vo Icano
Figure 3A & B Hypo the t ica l  model f o r  i n t r u s i o n  o f  the East Fork 
Dikes along a p r e e x is t in g  s t r u c t u r a l  weakness (IPB)
A. Plan view B. Cross sec t ion
Note: Drawings not to  sca le .
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a small p o r t io n  o f  the m a te r ia l  extruded from the West Fork area would 
ever reach the East Fork area as f lows o r  ash f a l l s .  Second, removal 
o f  the vo lca n ic  cover by e ros ion  may have been g re a te r  in  the East 
Fork area w h i le  the West Fork area was l e f t  r e l a t i v e l y  untouched. A t  
t h i s  t ime evidence f o r  e i t h e r  hypothesis  i s  i n s u f f i c i e n t  to  form a 
conc lus ion .
The f i r s t  hypothesis  mentioned in  the preceding paragraph is  
p re fe r re d  f o r  the fo l lo w in g  reasons. Dikes in  the East Fork area 
are more numerous in  the southwest p o r t io n  o f  the study area (F ig .  3a).  
Very few dikes were observed no r th ea s t  o f  Meadow Creek. I f  the East 
Fork represents a separate c e n te r ,  then both f lows  and d ikes  would be 
expected to  be more widespread. No dikes in  the East Fork area were 
observed feed ing d i r e c t l y  i n t o  f low s .  However, t h i s  does not  exclude the 
ex is tence  o f  such a r e l a t i o n s h ip .
Since the West Fork vo lc a n ic  cen te r  may be loca ted  along a zone o f  
basement weakness, i t  appears l i k e l y  t h a t  vo lc a n ic  a c t i v i t y  would not 
be r e s t r i c t e d  to  a small area (e .g .  a neck o r  p lug )  and t h a t  small 
d ikes could  form away from the vo lc a n ic  c e n te r .  Dikes in t ruded  in  t h i s  
manner would probab ly  decrease in  number away from the vo lca n ic  ce n te r ,  
and would form a s i t u a t i o n  s im i l a r  to  t h a t  found in  the East Fork area 
(F ig .  3a).  The d ikes then in t ruded  l a t e r a l l y  from the magma chamber, 
r a th e r  than upward from i t .
CHAPTER I I I  
PETROLOGY
Dikes found in  the East Fork area g e n e ra l ly  occur as composite 
d ikes .  No more than f i v e  d i f f e r e n t  types were found in  a composite 
ou tc rop ,  though the same type o f  d ike  cou ld  be found repeated through 
the outcrops .  Contacts between the deeply weathered Idaho b a th o l i t h  
and the d ikes were not observed, though d ike  w a l l s  were g e n e ra l ly  
v e r t i c a l .  Contacts between d i f f e r i n g  types o f  d ike  are v e r t i c a l  or  
nea r ly  v e r t i c a l .
Flow s t ru c tu re s  were observed on ly  in  one t h i n  sec t ion  and i t  
was not poss ib le  to  place the s t ru c tu re s  in  r e l a t i o n s h ip  to  the d ike  
w a l l s .  On a la rge  sca le ,  p re fe r re d  o r i e n t a t i o n  o f  K - fe ldsp a r  mega­
c r y s ts  was observed in  d ikes a t  two lo c a t io n s  along Mink Creek Road.
Flow s t ru c tu re s  on an outcrop sca le  were seen a t  one l o c a l i t y  on Mink 
Creek Road, where p o r t io n s  o f  a Mink Creek p o r p h y r i t i c  a n d e s i te - typ e  
d ike  con ta in ing  an enr iched amount o f  p la g io c la se  phenocrysts appear to  
have been broken apa r t  and surrounded by a less p la g io c la s e - r i c h  magma. 
Contacts are d i f f u s e ,  and the re  is  no o th e r  change in  the cha ra c te r  o f  
the d ik e ,  i n d i c a t i n g  probable  c r y s ta l  s e t t l i n g  and subsequent tu rbu lence  
These f lo w  s t ru c tu re s  were found in  on ly  two types o f  d ike  and in  on ly  
fo u r  ou tc rops ,  making them uncommon fea tu re s  i n  the East Fork d ikes .
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Xenocrysts and x e n o l i th s  are a lso  uncommon in  the East Fork Swarm. 
In c lu s io n s  o f  one d ike  w i t h i n  another  were found a t  on ly  one l o c a l i t y  
along Mink Creek Road. Here, rounded in c lu s io n s  o f  the Mink Creek 
p o r p h y r i t i c  andés i te  were found in  an ou tc rop  o f  the Mink Creek 
rhyodac i te  porphyry.  The two dikes are jux taposed in  ou tc rop ,  the Mink 
Creek rhyodac i te  porphyry appa ren t ly  having been in t rude d  along one s ide  
o f  the a l ready  c r y s t a l l i z e d  Mink Creek p o r p h y r i t i c  andés i te .  The Meadow 
Creek andés i te  con ta ins  in c lu s io n s  o f  the Idaho b a t h o l i t h ,  as w e l l  as 
xenocrysts  o f  q u a r tz .  Xenocrysts o f  qua r tz  were observed in  on ly  a 
few t h in  s e c t io n s ,  but were d is t in g u is h e d  from indigenous qua r tz  by 
the presence o f  undulose e x t i n c t i o n  across sutured g ra in  boundaries 
w i t h i n  an aggregate o f  several  c r y s t a l s .  One such xenocrys t  a lso  showed 
a s l i g h t l y  corroded o u t l i n e ,  i n d i c a t i n g  t h a t  i t  was p a r t i a l l y  resorbed.
Al though there  i s  some t e x tu r a l  and m in e ra lo g ica l  v a r i a t i o n  in  
the East Fork d ik e s ,  many o f  the d ikes share common fe a tu re s .  The most 
prominent o f  these, rounded, embayed q u a r tz ,  synneusis s t r u c t u r e ,  and 
o s c i l l a t o r y  zon ing, are descr ibed in  d e t a i l  in  a l a t e r  s e c t io n .  Other 
fea tu re s  such as the degree o f  a l t e r a t i o n  and type o f  groundmass, as 
we l l  as those p re v io u s ly  mentioned, have been compiled in  Table 1 f o r  
comparison. D e sc r ip t io n s  o f  c h a r a c t e r i s t i c s  p e c u l ia r  to  a c e r ta in  type 
o f  d ike  w i l l  be descr ibed in  a b r i e f  sec t ion  on each major d ike  group.
General Textures and Sequence o f  C r y s t a l l i z a t i o n
Although the East Fork d ikes  are v a r ia b le  in  both appearance and 
t e x t u r e ,  th ree  t e x t u r a l  fea tu res  are shared by most p o r p h y r i t i c  d ikes :
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synneusis s t r u c t u r e s ,  o s c i l l a t o r y  zon ing,  and rounded, embayed g ra ins  
o f  q u a r tz .  Synneusis s t ru c tu re s  in vo lve  severa l m in e ra ls ,  most no tab ly  
q u a r tz ,  p la g io c la s e ,  and K - fe ld sp a r .  They p rov ide  in fo rm a t io n  about 
sequence o f  c r y s t a l l i z a t i o n  and tu rbu lence  w i t h i n  the magma, as w e l l  as 
evidence f o r  magmatic o r i g i n  o f  the rock (Vance, 1969). Rounded embayed 
qua r tz  is  thought to r e s u l t  from magmatic co r ro s io n  r e s u l t i n g  from 
changes o f  pressure w i t h i n  the magma (Whitney, 1975). The repeated 
re lease o f  v o l a t i l e s  o r  d i f f u s io n - s u p e r s a tu r a t i o n  o f  a n o r t h i t e  ad jacen t  
to a p la g io c la s e  c r y s ta l  have been c a l le d  upon to  account f o r  o s c i l l a t o r y  
zoning in  t h i s  m in e ra l .  B r i e f  summaries o f  these processes w i l l  be p re ­
sented here in  o rder  to  r e l a t e  them to  the East Fork d ikes .
Synneusis s t ru c tu re s  form as c r y s ta l s  d r i f t  toge the r  and a t tach  
themselves to  one another (F igure  4A-C). Although the term synneusis 
has not been w id e ly  adopted, synneusis s t ru c tu re s  are widespread in  
igneous rocks .  Synneusis s t ru c tu re s  are i n d i c a t i v e  o f  magmatic o r i g i n  
f o r  rocks co n ta in ing  them, r e q u i r in g  a medium f l u i d  enough to  a l lo w  
u n re s t r i c t e d  movement o f  phenocrysts .  They are thought to  have o r ig in a te d  
through ep isod ic  magmatic tu rbu lence  e a r l y  in  the c r y s t a l l i z a t i o n  o f  the 
magma. They in c lude  g lo m e ro p o rp h y r i t i c  s t ru c tu re s  found in  vo lc a n ic  
rocks .  There are two main c r i t e r i a  f o r  recogn iz ing  synneusis s t r u c tu r e s :  
1 ) two or  more r e l a t i v e l y  la rge  c r y s ta l s  were in vo lve d ,  and 2 ) a
prominent c r y s ta l  face in  one c r y s ta l  i s  p a r a l l e l  to  a prominent c r y s ta l





Stages in  development o f  synneusis 
aggregates. A. Two is o la te d  c r y s ta l s
B. D r i f t i n g  to g e the r  and union.
C. Post synneusis overgrowth (Vance, 
1969, p. 9 ) .
The most recogn izab le  fe a tu re  in  synneusis is  m i s f i t  o f  the broad 
faces between two jo in e d  c r y s ta l s  (F igure  4C). Re-entran t  angles and 
polygonal o u t l in e s  are common, though w i th  extended c r y s t a l l i z a t i o n  the 
r e - e n t r a n t  angles are p r e f e r e n t i a l l y  f i l l e d  i n .  Synneusis tw ins are 
d is t in g u is h e d  from growth tw ins by the presence o f  more than one i n ­
d i v i d u a l ,  m i s f i t ,  and i r r e g u l a r i t i e s  o f  the composit ion p lane. Synneu­
s is  i s  d is t in g u is h e d  from e p i t a x i a l  growth by the presence o f  two i n ­
dependent, com para t ive ly  la rge  c r y s ta l s  a t  the beginning o f  mutual growth, 
E p i ta x ia l  growth requ ires  the n u c lé a t io n  o f  a sm a l le r  c r y s ta l  on a 
l a r g e r  one (Vance, 1969, p. 8 -13) .
Synneusis i s  recognized in m inera ls  such as p la g io c la s e ,  q u a r tz ,  
K - fe ld s p a r ,  hornblende, and pyroxene in  e i t h e r  vo lcan ic  o r  p lu t o n i c  
rocks.  These m inera ls  are o f te n  observed in g lo m e ro p o rp h y r i t ic  (randomly 
o r ie n te d )  s t r u c tu r e  in  v o lc a n ic  or  hypabyssal rocks .  I t  i s  e a s ie s t  to 
recognize synneusis s t ru c tu re s  in  zoned m inera ls  such as p la g io c la s e
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and much more d i f f i c u l t  in  unzoned m ine ra ls  such as qua r tz  and K- 
fe ld s p a r .  P lag ioc lase  is  most commonly seen in  p a r a l l e l i s m  or  near 
p a r a l l e l i s m ,  o f  the 0 1 0  face o f  one c r y s ta l  w i th  respect  to  the 0 1 0  
face o f  the o th e r .  This is  c a l le d  p a r a l l e l  synneusis.  Most common 
tw in  laws f o r  p la g io c la s e  have been observed as synneusis tw in s .  How­
ever,  none o f  these laws were observed in  the East Fork d ikes .  P a r a l le l  
synneusis was observed in  a l l  major d ikes .  Vance (1969, p. 18) s ta tes  
th a t  synneusis o f  quar tz  i s  most r e a d i l y  recognized as g lo m e ro p o rp h y r i t i c  
c lu s te r s  in  quar tz  p o rp hy r ies .  Quartz in  the East Fork d ikes is  commonly 
seen as s in g le  g ra in s ,  but  synneusis c lu s te r s  were observed in  the Mink 
Creek Rhyodacite Porphyry and the East Fork P o r p h y r i t i c  Rhydodacite.
The most d i f f i c u l t  m ineral to recognize in  synneusis r e l a t i o n  i s  
K - fe ld sp a r ;  p r im a r i l y  because o f  the lack  o f  zoning. Two examples o f  
K - fe ld sp a r  in  synneusis r e l a t i o n  were found in  the Mink Creek p o rp h y r i ­
t i c  andés i te .
K - fe ldspa r  megacrysts a lso  o f f e r  an e x c e l le n t  example o f  synneusis 
between d i f f e r e n t  m in e ra ls .  Growing K - fe ld s p a r  megacrysts o f te n  enclose 
p la g io c la s e ,  q u a r tz ,  and b i o t i t e ,  as w e l l  as minor accessory m inera ls  
such as sphene and z i r c o n .  P lag ioc lase  found w i t h i n  the East Fork 
megacrysts i s  p robab ly  a combinat ion o f  both synneusis and e p i t a x i a l  
growth. Grain boundaries are o f te n  i n d i s t i n c t  and o s c i l l a t o r y  zoning 
occurs on ly  in  w e l1-developed c r y s t a l s .  Quartz in  the East Fork mega­
c ry s ts  i s  not euhedral as one might expect o f  an e p i t a x ia l l y - g r o w n  
c r y s t a l , but is  rounded, resembling qua r tz  found as phenocrysts.  This 
suggests t h a t  i t  was corroded p r i o r  to  i t s  in c lu s io n  in  the megacryst.
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O s c i l l a t o r y  zon ing i s  c u r r e n t l y  th ough t  to  r e s u l t  f rom d i f f u s i o n -  
s u p e r s a tu r a t i o n  o f  a n o r t h i t e  a d ja c e n t  to  a p la g io c la s e  c r y s t a l  ( S ib le y ,  
e t  a l ,  1976).  Dur ing  c r y s t a l l i z a t i o n ,  a n o r t h i t e  molecu les d i f f u s e  to  
an area o f  lower  c o n c e n t ra t io n  ( i . e . ,  a p la g io c la s e  c r y s t a l  which has 
j u s t  c r y s t a l l i z e d  a zone o f  a n o r t h i t e )  u n t i l  the  area b o rd e r in g  the  
c r y s t a l  becomes su p e rs a tu ra te d  w i t h  a n o r t h i t e  molecules and ano th e r  zone 
i s  p r e c i p i t a t e d .  In  t h i s  manner, s m a l l ,  u n i fo rm  o s c i l l a t i o n s  in  
a n o r t h i t e  c o n te n t  can form dozens o f  zones w i t h i n  a s i n g l e  p la g io c la s e  
c r y s t a l .  Among o th e r  mechanisms proposed to  form o s c i l l a t o r y  z o n in g ,  
most n o ta b le  and widespread is  the  repea ted  re le a s e  o f  v o l a t i l e s ,  and 
subsequent f o rm a t io n  o f  zones. Vance (1962, p. 750) has p o in ted  o u t  t h a t  
a body o f  magma has no r e g u la t o r y  system to  de te rm ine  a rh y th m ic  re le a se  
o f  v o l a t i l e s .  Th is  process would be f e a s i b l e  i n  a su b v o lc a n ic  e n v i r o n ­
ment where p r o x i m i t y  to  the  s u r fa c e  m igh t  a l l o w  such a process to  o ccu r ,  
b u t  o s c i l l a t o r y  zon ing i s  a l s o  widespread i n  p l u t o n i c  ro cks .
P la g io c la s e  o c c u r r in g  as phenocrys ts  in  the East Fork d ikes  commonly 
shows o s c i l l a t o r y  zon ing .  The phenocrys ts  show up to  t h i r t y  t o  f o r t y  
o s c i l l a t i o n s  and the  zon ing may be d e f l e c te d  around in c lu s io n s  (F ig .  5 ) .  
D e f l e c t i o n s  such as these  have been d e sc r ib e d  in  a paper by B lacke rby  
(1968 ) .  He has des igna ted  t h i s  e f f e c t  as c o n v o lu te  zoning and proposed 
t h a t  i t  r e s u l t s  f rom o b s t r u c t i o n  o f  th e  growing c r y s t a l  by a semi porous 
o b je c t  ( i n  h is  case a b le b  o f  g l a s s ) .  Convo lu te  zon ing i s  common in  
d ike s  such as the  East Fork r h y o d a c i te  po rphyry  and appears t o  have formed
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when grow th  o f  o s c i l l a t o r y  zones was b locked by i n c l u s io n s  o f  o th e r  
m in e ra ls  such as b i o t i t e .
The t h i r d  common t e x t u r a l  f e a t u r e  o f  the  East Fork d ike s  i s  rounded, 
embayed q u a r t z  (F ig .  6 ) .  Th is  c h a r a c t e r i s t i c  i s  e s p e c i a l l y  w e l l  de­
ve loped in  the  Mink Creek r h y o d a c i te  po rp h y ry  and the  East Fork d a c i t e  
p o rp h y ry .  Quartz  occurs  as one t o  s i x  m i l l i m e t e r ,  c l e a r  g ray  g ra in s  
w i t h  a rounded o u t l i n e .  Synneusis c l u s t e r s  a re  common. L o c a l l y  
rounded q u a r t z  phenocrys ts  d i s p l a y  p o o r ly -d e v e lo p e d  borders  o f  q u a r tz  
and a l k a l i  f e l d s p a r  in te rg ro w n  w i t h  the  groundmass. Rounded, embayed 
q u a r t z  i s  found in  e a r l y  a l l  the  East Fork d ikes  and does n o t  show 
undulose e x t i n c t i o n .  Quartz  phenocrys ts  w i t h  euhedra l hexagonal o u t ­
l i n e s  a re  e x c e e d in g ly  r a r e .
The fo rm a t io n  o f  rounded, embayed q u a r t z  phenocrys ts  i s  g e n e r a l l y  
a t t r i b u t e d  to  magmatic c o r r o s io n .  Th is  i s  a v e ry  common fe a tu r e  o f  
s h a l lo w  i n t r u s i v e  rocks  such as q u a r tz  p o r p h y r ie s .  C o r ro s io n  o f  e a r l y -  
formed q u a r tz  phenocrys ts  i s  th o u g h t  t o  occu r  when a decrease i n  p ressu re  
causes the  m e l t  to  c ross  the  phase boundary mark ing th e  d isappearance 
o f  q u a r t z  ( F ig .  7 ) .  T h is  process commonly occurs  i n  rocks such as 
r h y o l i t e s  and rh y o d a c i te s  w i t h  a h igh  SiÛ2 c o n te n t .  The s y n t h e t i c  
g r a n i t e  on which F ig u re  7 i s  based c o n ta in s  73.98 p e rce n t  SiOg which 
forms a p p ro x im a te ly  26 p e rc e n t  q u a r t z .  The d isappearance o f  q u a r t z  i s  
augmented by th e  inc reased  s o l u b i l i t y  o f  SiÛ2 i n  q u a r t z - s a tu r a te d  m e l ts  
a t  low er  p ressures  (W h i tney ,  1975, p. 2 8 ) .  The c o o l in g  h i s t o r y  o f  any
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F igu re  5. Synneusis o f  p la g io c la s e  in  the  East Fork r h y o d a c i te  
p o rp h y ry .  Note o s c i l l a t o r y  zon ing which has been 
d e fe c te d  around a small  p h enoc rys t  o f  b i o t i t e .
Crossed n i c h o l s ,  le n g th  o f  p la g io c la s e  a p p ro x im a te ly  1 mm
a m
F ig u re  6 . Rounded and deep ly  embayed q u a r t z  i n  the  East Fork
r h y o d a c i te  p o rp h y ry .  Crossed n i c h o l s ,  q u a r tz  c r y s t a l s  
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Figure  7 Pressure versus w e ig h t  p e rce n t  H2 O a t  750^C 
f o r  s y n t h e t i c  g r a n i t e  ( a f t e r  Whitney,  1975)
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p o r p h y r i t i c  rock  r e q u i r e s  a t  l e a s t  one r a p id  change in  tem pera tu re  and 
p re ssu re  which i s  m a n i fe s te d  by th e  change i n  g r a in  s iz e  f rom phenocrys ts  
to  groundmass. A l though  l i t t l e  i s  known about  the  le n g th  o f  t im e  r e ­
q u i r e d  f o r  c o r r o s io n  o f  e a r l y - fo rm e d  q u a r t z ,  i t  i s  co n c e iv a b le  t h a t  
c o r r o s io n  cou ld  have occu rred  d u r in g  i n t r u s i o n  and drop in  p ressu re  and 
b e fo re  f i n a l  c r y s t a l l i z a t i o n  (Hyndman, ve rb a l  communicat ion,  1977).
The sequence o f  c r y s t a l l i z a t i o n  i n  any igneous ro ck  i s  c o n t r o l l e d  
by s eve ra l  f a c t o r s .  These in c lu d e  com pos i t ion  as w e l l  as tem pera tu re  
and p re s s u re .  The o rd e r  o f  c r y s t a l l i z a t i o n  i s  c o n t r o l l e d  p r i m a r i l y  by 
the  o rd e r  in  which the  m in e ra ls  con ta in e d  i n  th e  m e l t  reach s a t u r a t i o n  
(Hyndman, 1972, p. 76 ) .  Composi t ions o f  f i v e  East Fork d ike s  have been 
p l o t t e d  on a r h y o l i t e  t e t ra h e d ro n  a f t e r  Carmichael (1974, p. 229).
A l though  a l l  th e  d ike s  c r y s t a l l i z e  e i t h e r  p la g io c la s e  o r  a l k a l i  f e l d s p a r  
as the  f i r s t  phase ( F ig .  8 ) ,  a l k a l i  f e l d s p a r  i s  found as phenocrys ts  in  
o n ly  two o f  the  f i v e  d i k e s ,  a l l  o f  which c o n ta in  K - fe ld s p a r  in  the  
groundmass. The remainder  o f  the  d ike s  c o n ta in  phenocrys ts  o f  q u a r tz  
and p la g io c la s e .
The h i g h l y  p o i k i l i t i c  phenocrys ts  o f  K - fe ld s p a r  found i n  the East 
Fork d ik e s  cou ld  p ro v id e  a c lu e  to  the sequence o f  c r y s t a l l i z a t i o n ,  as 
they  were the  f i r s t  phase to  form phenocrys ts  i n  two d ik e s .  U n f o r t u n a t e l y ,  
the  m in e ra ls  in c lu d e d  are no t  d i s t r i b u t e d  in  zones in  the  megacrysts 
( i . e . ,  p l a g io c la s e ,  q u a r t z  and b i o t i t e  a re  found mixed t o g e t h e r ) ,  making 








F igu re  8 . R h y o l i t e  te t ra h e d r o n  showing East Fork d ikes  
p l o t t e d  as c i r c l e d  p o in t s .
Note: p o in t  q i s  p a r t  o f  the  d iagram.
( A f t e r  C arm ichae l ,  1974).
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A no the r  f a c t o r  which must be cons ide red  i s  th e  a n t i p a th y  o f  some 
m in e ra ls  toward synneusis  w i t h  o th e r s .  P la g io c la s e  and q u a r tz  show 
a marked a n t i p a t h y  toward synneus is  w i t h  one a n o the r  (Vance, 1968, 
p. 2 3 ) .  T h is  i s  v i s i b l e  in  the  East Fork d ik e s ,  where o n ly  one example 
o f  p l a g i o c l a s e - q u a r t z  synneus is  was observed.  In  the  p a s t ,  such a la c k  
o f  synneus is  would have i n d i c a t e d  l a t e - s t a g e  c r y s t a l l i z a t i o n  o f  q u a r tz  
and p la g io c la s e .  Chemical co m po s i t ion  and known c r y s t a l l i z a t i o n  t re n ds  
o f  q u a r t z  and p la g io c la s e  in  p o r p h y r i t i c  rocks  i n d i c a t e  t h a t  t h i s  i s  
no t  the  case (Vance, 1969, p. 2 3 ) .
In  sum m ary , i t  appears ,  on the  bas is  o f  chemical co m pos i t ion  and 
euhedra l  o u t l i n e ,  t h a t  e i t h e r  p la g io c la s e  o r  K - f e ld s p a r  was the  f i r s t  
phase to  c r y s t a l l i z e  in  the East Fork d ik e s .  B i o t i t e  i s  found as i n ­
c lu s io n s  in  q u a r t z ,  p la g io c la s e  and K - f e ld s p a r ,  which may be an i n d i c a t i o n  
o f  p r e f e r e n t i a l  synneus is  as w e l l  as e a r l y  c r y s t a l l i z a t i o n .  Chemical 
c o m p o s i t io n s  suggest  t h a t  q u a r tz  began c r y s t a l l i z i n g  e a r l y  in  the  h i s t o r y  
o f  most d i k e s ,  r a t h e r  than l a t e r  as i n d i c a te d  by the  la c k  o f  synneusis  
between q u a r t z  and p la g io c la s e .  On the  who le ,  the  o rde r  o f  c r y s t a l l i z a ­
t i o n  o f  the  East Fork d ike s  i s  no t  com p l ica te d  and appears to  f o l l o w
normal c r y s t a l l i z a t i o n  t re n d s  f o r  t h e i r  g ive n  rock  types .
Common Dike Types o f  the  East Fork Swarm
Mink Creek r h y o d a c i te  p o rp h y r y . The Mink Creek rh y o d a c i te  po rphyry  
i s  one o f  the  most conspicuous rock  types i n  the  East Fork swarm and is  
c h a r a c te r i z e d  by la rg e  (up to  5 cm in  l e n g th )  euhedra l  megacrysts o f
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K - f e ld s p a r  which have been i d e n t i f i e d  as s a n id in e .  I t  occurs  w i t h i n  
composi te  d ike s  and i s  always found w i t h  the  Mink Creek po rphyry  
a n d é s i te .  The d ike s  commonly form p rom inent  o u tc ro p ts  up to  ten  meters 
h igh  and e i g h t  t o  ten meters w ide .  The le n g th  o f  the  d ikes  i s  d i f f i c u l t  
to  d e te rm in e ,  as they  do no t  o u tc ro p  c o n t in u o u s l y  and are b e s t  t ra c e d  
by f l o a t  and exposures i n  road cu ts .
The Mink Creek r h y o d a c i te  po rphy ry  i s  l i g h t  g reen -g ray  on both f r e s h  
and weathered s u r fa c e s ,  though the l a t t e r  i s  sometimes s t re a ke d  re d d ish  
brown by i r o n  o x id e s .  A p p ro x im a te ly  50 p e rc e n t  o f  the rock  i s  ve ry  f i n e ­
g ra in e d  groundmass, composed o f  q u a r t z ,  and K - fe ld s p a r  in  n e a r l y  equal 
amounts. The remainder  o f  the  rock  i s  composed o f  phenocrys ts  o f  q u a r t z ,  
K - f e l d s p a r ,  p la g io c la s e  and b i o t i t e .  Phenocrysts  o f  ch a lky  w h i te  
p la g io c la s e  from 5 mm to  15 mm in  le n g th  compose t h i r t y  p e rce n t  o f  the 
ro c k .  Quartz  occurs  as rounded, embayed p he n o c rys ts ,  one to  f o u r  mm long  
as w e l l  as ve ry  small  ( l e s s  than 0 . 2  mm) anhedra l  c r y s t a l s  in  the  ground­
mass. Both b i o t i t e  and hornb lende have been a l t e r e d  to  dark green 
c h l o r i t e ,  which g e n e r a l l y  occurs  as pseudomorphs a f t e r  the  o r i g i n a l  
m in e r a l s .  A few g ra in s  o f  u n a l te re d  b i o t i t e  are commonly found in  the 
cores o f  K - fe ld s p a r  megacrys ts .  These K - fe ld s p a r  megacrysts range in  
le n g th  f rom  0 .5  cm to  6 .5  cm and i n  w id th  f rom 0 .5  cm to  4 .5  cm. The 
c r y s t a l s  a re  commonly euhedra l  and may be untwinned o r  tw inned 
a c c o rd in g  to  the  Car lsbad law. In cross s e c t io n  the  c r y s t a l s  appear 
zoned. The o u te r  p o r t i o n  o f  the c r y s t a l  i s  p in k  to  b u f f  whereas the 
i n n e r  p o r t i o n  i s  g ray .  T h is  zon ing  i s  though to  be a r e s u l t  o f
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a l t e r a t i o n  and i s  d iscussed  in  t h a t  s e c t i o n .  Accessory  m in e ra ls  in  
the  Mink Creek r h y o d a c i te  p o rphy ry  in c lu d e  a p a t i t e ,  sphene, z i r c o n ,  
and a l l a n i t e .  A l l a n i t e  occurs  as s m a l l ,  e u h e d ra l ,  zoned c r y s t a l s  w i t h  
s im p le  tw in s .  I t  i s  s t r o n g l y  p le o c h ro ic  w i t h  x '  = be ige  and z* = 
brown. A p a t i t e  and z i r c o n  a re  a ls o  euhedra l  t o  subhedra l  whereas 
sphene i s  g e n e r a l l y  a n h e d ra l .  A l l  the  accessory  m in e ra ls  may be found 
as an i n c l u s i o n  w i t h i n  a la rg e  phenocrys t  o r  as a c o n s t i t u e n t  o f  the  
groundmass.
In  t h i n  s e c t i o n ,  the  Mink Creek rh y o d a c i t e  po rphy ry  appears 
p e r v a s i v e l y  a l t e r e d .  The f e ld s p a r s  a re  m o de ra te ly  t o  s t r o n g l y  a l t e r e d  
to  s e r i c i t e  and c la y  m in e ra ls .  The m a f ic  m in e r a ls ,  b i o t i t e  and 
h o rnb lende ,  have been a l t e r e d  to  c h l o r i t e  p lus  r u t i l e ,  sphene, e p id o te ,  
o r  c a l c i t e .  The g re e n -g ra y  c o l o r  o f  the  Mink Creek r h y o d a c i te  po rphy ry  
i s  p ro b a b ly  due to  th e  presence o f  c h l o r i t e .
Mink Creek p o r p h y r i t i c  a n d é s i t e . The Mink Creek p o r p h y r i t i c  
a n d é s i te  i s  one o f  the  more w idespread o f  th e  East Fork d ik e s .  I t  i s  
i s  found w i t h  the  Mink Creek rh y o d a c i t e  po rphyry  as w e l l  as seve ra l  
o th e r  types o f  d i k e s .  The s i z e  o f  the  d ikes  in  the  Mink Creek 
p o r p h y r i t i c  a n d é s i te  i s  more v a r i a b l e  than most d ik e  typ e s ,  rang ing  
from 0 .5  to  n ine  meters i n  w id th .  The Mink Creek p o r p h y r i t i c  a n d é s i te  
i s  a l s o  found in  v a ry in g  stages o f  c r y s t a l l i z a t i o n .  The d ike s  w i t h  
f i n e r  g r a i n  s i z e  and fewer  phenocrys ts  a re  g e n e r a l l y  s m a l le r .  D e f i n i t e  
f l o w  s t r u c t u r e s  were found in  one o u t c ro p ,  and p robab le  f l o w  s t r u c t u r e s  
were seen in  two o th e r  o u tc ro p s .
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The Mink Creek p o r p h y r i t i c  a n d é s i te  i s  da rk  g re e n -g ra y  and 
c o n ta in s  a p p ro x im a te ly  t h i r t y  p e rce n t  phenocrys ts  c o n s i s t i n g  o f  
q u a r t z ,  p l a g io c la s e ,  K - fe ld s p a r  and a l t e r e d  m a f ic  m in e r a ls ,  and 
seven ty  p e rc e n t  a p h a n i t i c  to  f i n e - g r a in e d  groundmass. The groundmass 
i s  unusual i n  t h a t  i t  i s  one o f  o n ly  two d ik e  types which c o n ta in s  
abundant hornb lende o r  o th e r  m a f ic  m in e ra ls .  The groundmass c o n ta in s  
a p p ro x im a te ly  f i f t e e n  to  twen ty  p e rce n t  euhedra l  ho rnb lende ,  w i t h  minor  
b i o t i t e ,  w i t h  p la g io c la s e ,  q u a r t z ,  and K - fe ld s p a r  com pr is ing  the  r e ­
m a inder .  Quartz  and p la g io c la s e  phenocrys ts  occu r  i n  much the  same 
manner as the  Mink Creek rh y o d a c i te  p o rph y ry .  However, th e  K - fe ld s p a r  
megacrysts  tend to  s m a l le r  (0 .5  -  4cm), and in  r a p i d l y  c h i l l e d  d ikes  
they  a re  subhedra l  in  o u t l i n e .  Z i r c o n ,  sphene and a p a t i t e  a re  the most 
common accessory  m in e ra ls .
East Fork r h y o d a c i te  p o rp h y r y . The East Fork r h y o d a c i te  po rphyry  
i s  more r e s t r i c t e d  in  o u tc ro p  than e i t h e r  the Mink Creek rh y o d a c i te  
p o rph y ry  o r  p o r p h y r i t i c  a n d é s i te .  I t  i s  found in  a ve ry  la rg e  o u tc rop  
a long  the  East Fork o f  the  B i t t e r r o o t  R ive r  as w e l l  as in  a sm a l le r  
o u tc ro p  near the  head o f  Mink Creek Road. The East Fork d ike  was one 
o f  the  o n ly  d ikes  which outcropped f o r  any d is ta n c e  (0 .4  km). The d ike  
i s  n o t  v a r i a b l e  in  e i t h e r  t e x t u r e  o r  m ine ra lo gy  a long i t s  l e n g th .  A 
f a u l t  c o n ta c t  o r  shear zone appears to  separa te  the  East Fork rh y o ­
d a c i t e  po rphy ry  and a less  q u a r t z - r i c h  d ik e  which occurs  as wedges a long 
the  sou thweste rn  and n o r th e a s te rn  ends o f  the  d ik e .
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The East Fork r h y o d a c i t e  po rphy ry  i s  ve ry  s i m i l a r  t o  the  Mink 
Creek r h y o d a c i t e  p o rp h y ry ,  w i t h  one e x c e p t io n :  K - fe ld s p a r  occurs o n ly
in  the  groundmass o f  the  East Fork rh y o d a c i t e  p o rp h y ry .  I t  i s  a 
s t r o n g l y  p o r p h y r i t i c  r o c k ,  w i t h  f o r t y  p e rc e n t  groundmass and s i x t y  
p e rc e n t  p h e n o c ry s ts .  The d ik e  i s  l i g h t  g reen -g ra y  i n  c o l o r ,  due to  the  
presence o f  c h l o r i t e ,  both in  the groundmass and as phen o c rys ts .  The 
groundmass i s  composed o f  a p p ro x im a te ly  equal p a r t s  o f  q u a r t z  and 
K - f e ld s p a r ,  w i t h  up to  f i v e  p e rc e n t  c h l o r i t e  a f t e r  b i o t i t e .  The pheno­
c r y s t s  c o n s i s t  o f  s t r o n g l y  embayed and rounded q u a r t z ,  p la g io c la s e  
phenocrys ts  w i t h  s t ro n g  o s c i l l a t o r y  and c o n v o lu te  zo n in g ,  and m a f ic  
m in e ra ls  such as b i o t i t e  and hornb lende which have been a l t e r e d  to  
c h l o r i t e  p lus  sphene, ^ i d o t e ,  and c a l c i t e .  Accessory  m in e ra ls  in c lu d e  
a l l a n i t e ,  which occurs  in  th e  same manner as t h a t  found i n  the  Mink Creek 
r h y o d a c i t e  p o rp h y ry .
Meadow Creek p o r p h y r i t i c  d a c i t e . The Meadow Creek p o r p h y r i t i c  
d a c i t e  i s  the  most r e p r e s e n t a t i v e  rock  type o f  the  n o r th e a s t  p o r t i o n  
o f  th e  s tudy  a rea .  I t  ou tc rop s  a long Meadow Creek and a long S p r in g e r  
Creek Road. Outcrops a re  g e n e r a l l y  l a r g e ,  f rom seven to  f i f t e e n  meters 
in  w id th  and f i v e  t o  seven meters in  h e ig h t .  The Meadow Creek p o r ­
p h y r i t i c  d a c i t e  i s  commonly found as s i n g l e  d i k e s ,  r a th e r  than com­
p o s i t e  d ik e s .
The Meadow Creek p o r p h y r i t i c  d a c i t e  i s  d i f f e r e n t  f rom the  th re e  
p r e v i o u s l y  mentioned d ik e  types i n  t h a t  i t  c o n ta in s  v e ry  l i t t l e  q u a r tz  
in  the  groundmass which c o n s i s t s  a lmost  e n t i r e l y  o f  K - fe ld s p a r .
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Small (1 -2  mm) rounded phenocrys ts  o f  q u a r tz  make up one to  two p e r ­
c e n t  o f  th e  ro c k .  I t  i s  commonly b u f f  t o  medium-gray i n  c o l o r .  
Phenocrys ts  o th e r  than q u a r tz  in  the Meadow Creek p o r p h y r i t i c  d a c i t e  
i n c lu d e  p la g io c la s e  and a l t e r e d  m a f ic  m in e r a l s ,  o r i g i n a l l y  b i o t i t e  
and ho rnb lende .  P la g io c la s e  i s  s t r o n g l y  a l t e r e d  to  s e r i c i t e  and c la y s .  
Zoning has g e n e r a l l y  been obscured by t h i s  a l t e r a t i o n  and i s  r a r e l y  
d i s c e r n a b le .  Fresh b i o t i t e  o r  hornb lende i s  r a r e  i n  t h i s  d ik e  ty p e .  
Accessory  m in e ra ls  c o n s i s t  o f  a p a t i t e  and z i r c o n ,  w i t h  most sphene 
o c c u r r i n g  as a secondary a l t e r a t i o n  p r o d u c t .
One o u tc ro p  o f  the Meadow Creek p o r p h y r i t i c  d a c i t e  was d r i l l e d  
and cored by the  U.S. F o re s t  S e rv ice  in  o rd e r  t o  de te rm ine  the  e x te n t  
o f  the  d ik e  a t  de p th .  I t  i s  a p p ro x im a te ly  s i x t y  f e e t  in  w id t h ;  the 
depth  o f  th e  d ik e  i s  unknown. D r i l l  co re  showed the  unexposed margin 
o f  th e  d ik e  t o  have a one- to  t w o - f o o t  c h i l l e d  m arg in .  The Idaho 
b a t h o l i t h  i n t o  which the  d ik e  was i n t r u d e d  was a l t e r e d ,  w i t h  abundant 
e p id o te  and c h l o r i t e  p re s e n t  a t  the  c o n ta c t .
M a r t in  Creek p o r p h y r i t i c  r h y o d a c i t e .  The M a r t in  Creek p o r p h y r i t i c  
r h y o d a c i t e  i s  ve ry  s i m i l a r  to  th e  Meadow Creek p o r p h y r i t i c  d a c i t e  
and names f o r  the  two d ike s  were determ ined c h e m ic a l l y .  The M a r t in  
Creek p o r p h y r i t i c  r h y o d a c i t e  c o n ta in s  a l i t t l e  more q u a r t z .  The M a r t in  
Creek p o r p h y r i t i c  r h y o d a c i t e  i s  found a long  M a r t in  Creek Road, which i s  
the  n o r th e a s te rn  boundary o f  the  s tu d y  a re a .  I t  i s  r e s t r i c t e d  to  a 
s i n g l e  d ik e  in  ou tc rop  and shows a s l i g h t l y  c h i l l e d  m arg in .  The d ike  
i s  a p p ro x im a te ly  ten  to  f i f t e e n  meters w ide and 0 . 2  km long .
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The M a r t in  Creek p o r p h y r i t i c  r h y o d a c i te  i s  medium gray  i n  c o l o r ,  
and does no t  appear as green as the  m a j o r i t y  o f  the  East Fork d ik e s .
I t  c o n ta in s  b i o t i t e  in  v a ry in g  stages o f  a l t e r a t i o n ;  however, most 
b i o t i t e  i s  f r e s h  and u n a l t e r e d .  In c o n t r a s t ,  hornb lende i s  c o m p le te ly  
a l t e r e d  to  a euhedra l  r im  o f  c h l o r i t e  and e p id o te  and a co re  o f  c a l c i t e .  
Both p la g io c la s e  and K - fe ld s p a r  a re  a l t e r e d ,  w i t h  p la g io c la s e  a l t e r a t i o n  
more severe than K - f e ld s p a r .  The f i n e - g r a i n e d  groundmass o f  the M a r t in  
Creek p o r p h y r i t i c  r h y o d a c i t e  i s  p red o m in a n t ly  K - fe ld s p a r  and c o n ta in s  
o n ly  a few p e rc e n t  q u a r t z .
Meadow Creek a n d é s i t e . The Meadow Creek a n d é s i te  i s  the  o n ly  n e a r ly  
n o n p o r p h y r i t i c  d ik e  which ou tc ro p s  re p e a te d ly  i n  the  East Fork a rea.
I t  c o n ta in s  o n ly  a few (up to  two) p e rce n t  p he n o c rys ts ,  the  bu lk  o f  
which a re  q u a r t z  and c h l o r i t e .  I t  i s  the  d a rk e s t  d ik e  observed in  
th e  East Fork a re a ,  be ing n e a r l y  b la c k .  I t  g e n e r a l l y  occurs  as small  
d i k e s ,  one to  th re e  meters in  w id th .  I t  i s  found e i t h e r  as a composi te  
d i k e ,  o r  as s i n g le  d ikes  c u t t i n g  the  Idaho b a t h o l i t h  d i r e c t l y .  I t  i s  
one o f  the  o n ly  d ik e  types which c o n ta in  xen o c rys ts  o f  q u a r tz  which 
a re  sub-rounded in  o u t l i n e  and c o n s i s t  o f  an aggregate o f  g ra in s  w i t h  
su tu re d  boundar ies .  The Meadow Creek a n d é s i te  i s  found most commonly 
in  the  n o r th e a s t  h a l f  o f  the  s tudy  a rea .
The Meadow Creek p o r p h y r i t i c  a n d é s i te  i s  da rk  green gray  to  
g re e n is h  b la c k .  I t  c o n s i s t s  p r i m a r i l y  o f  p la g io c la s e  and s t r o n g l y  
a l t e r e d  m a f ic  m in e ra ls .  K - f e ld s p a r  was i d e n t i f i e d  w i t h  sodium 
c o b a l t i n i t r i t e  s t a i n .  A l t e r a t i o n  o f  the  Meadow Creek a n d é s i te  i s  so
Table 1. Characteristics of East Fork Dikes
Percent Percent 
Pheno- Ground-
crysts mass Quartz K-feldspar Plaqioclase Mafics A lte ra t ion  Accessories
Mink Creek 50% 50* approx. 28% 50%
rhyodacite equal parts 23% in 35% in ground­ 30% 2%
po ohyrv in ter lockinq groundmass mass 30% euhedral in both ground­ Plagioclase: a l la n i te
(MCRPl quari:  and 5% rounded 5% euhedral phenocrysts, mass and rare moderate to
K-spar, 1 - 2 and deeply megacrysts of white to cream phenocrysts. severe, twinning apatite
c h lo r i te  a f ­ embayed sanidine in color. B io t i te  commonly obscured. K-spar.
te r  b io t i te phenocrysts Osci1la tory altered to moderate in zircon
(phenos). (o sc i l )  zoning c h lo r i te  and phenocrysts,
and pa ra lle l sphene. Epidote severe in
synneusis with c h lo r i te . groundmass. Mafics:
common. severe
Mink Creek 30% 70% 7% 20% 53% 20%
porphyr it ic 30% pi agio- 5% in ground- 19% ground­ 30% groundmass 15% euhedral Plagioclase: zircon
andesi te class mass mass anhedral, in te r ­ green-brown moderate to
(MCPA) 20% K-spar 2% rounded 1% subhedral locking grains hornblende severe,
15% horn­ and deeply megacrysts 23% phenos; prisms in twinning ob­
blende and embayed of sanidine. euhedral, white groundmass. scure. K-felds-
b io t i te phenos. to cream crys ta ls , 5% sub-euhedral par: moderate
5% quartz o s c i l .  Zoning b io t i te  and in pheno­
quartz and and para lle l hornblende crysts , severe
feldspars synneusis common. phenos altered in groundmass.







crysts mass Quartz K-feldspar Plagioclase Mafics A lte ra t ion Accessories
East Fork 50% 40% approx. 30% 30% 30% 10%
rhyodacite equal parts 22': in 30% In 30% phenocrysts 8% b io t i te Plagioclase a l la n i te
porp^- vry in te r lock i nc rroundmass groundmass as white to phenos altered weak, zoning
(EFRP) quartz and 7' rounded. with quartz. cream colored to c h lo r i te present. apatite
K-spar, up Gceply em­ x ls .  Oscil. and r u t i l e K-feldspar-
to 5% ch lo r­ bayed zoning and and/or sphene. severe. zircon
i te  a f te r phenos. pa ra lle l Tr. epidote Mafics;
b io t i  te. synneusi s 
common.
2% horn­
blende a l ­
tered to 




B io t i te  - 
severe.
Meadow Creek 35% 65% 1-2% 63% 30% 5%
porphyri t i c almost a l l i ndividual in groundmass 30% phenos as 5% b io t i te Plagioclase: apatite
dacite K-spar, up grains in anhedral in ­ cream-colored, altered to severe; zoning
(MEPD) to 2% groundmass te r lock i ng subhedral c h lo r i te and twinning zircon
quartz. grains g ra ins . and sphene. obscured. 











mass Quartz K-feldspar Plagioclase Mafics A lte ra t ion Accessories
Martin Creek 40% 
porphyr it ic  
rhyodacite
{ m ? }
60% 
















in te r lock ing  
g ra ins .
23%
23% phenos as 
cream colored, 
subhedral x ls .  
Para lle l syn­
neusis common.
15%
10% b io t i te ,  
mostly fresh 
and dark brown 
5% hornblende, 








. fe ldspar: 
weak to 
moderate. 






Meadow Creek 0-2% 98-100% 2% 15% 58% 25%
andésite approx. 25% rounded anhedral, subhedral la ths , 20% b io t i te Plagioclase: apatite
(MEA) c h lo r i te phenos. severely a l ­ intergrown with completely moderate. a f te r
and magne­ tered grains c h lo r i te  and altered to Mafics: c h lo r i te
t i t e . in  groundmass. K-spar. c h lo r i te . severe, to
approx. 73% 5% magnetite. ch lo r i te  plus sphene
plagioclase fine-grained a fte r
and K -fe ld ­ CaCOg. c h lo r i te
spar
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severe t h a t  the pr imary  mafic  m inera l was u n id e n t i f i a b l e  and e x is t s  
now as c h l o r i t e  and e p ido te .  One th in - s e c t i o n  conta ined s p h e r u l i t i c  
s t ru c tu re s  composed e n t i r e l y  o f  c h l o r i t e .
Potassium Feldspar Megacrysts
K - fe ld s p a r  megacrysts are a phenomenon which has in t r i g u e d  
p e t r o lo g i s t s  f o r  many yea rs .  They are found in  both metamorphic and 
igneous rocks and are g e n e ra l l y  r e s t r i c t e d  to  the more f e l s i c  v a r i e t i e s  
o f  these rocks.  Metamorphic K - fe ld sp a r  megacrysts are commonly found 
in  gneisses.  Igneous rocks bearing megacrysts vary  cons ide rab ly  in  
t e x tu r e .  Medium-grained g ra n i te s  ( c l a s s i f i c a t i o n  o f  S t re cke ise n ,  1967 
in  Hyndman, 1972) are the most common host rocks .  However, in  the 
East Fork area, megacrysts occur in  hypabyssal p o r p h y r i t i c  d ikes .
There are two types o f  d ikes in  the East Fork swarm which con ta in  
megacrysts:  these are represented by the Mink Creek rhyoda c i te  porphyry
and the Mink Creek p o r p h y r i t i c  a nd és i te .  They are commonly found 
to g e th e r  in  composite d ike s .  Both d ikes con ta in  rounded, embayed 
q u a r tz ,  p la g io c la s e  phenocrysts which have been s e r i c i t i z e d  to  va ry ing  
degrees, and c h l o r i t i z e d  b i o t i t e  in  a groundmass o f  quartz  and a l t e re d  
K - fe ld sp a r  in  the Mink Creek rhyoda c i te  porphyry ,  and hornblende, 
qu a r tz  and a l t e re d  fe ld s p a r  in  the Mink Creek p o r p h y r i t i c  andés i te .
The Mink Creek rhyoda c i te  porphyry i s  l i g h t  g reen-gray in  c o lo r  
and s t r o n g ly  p o r p h y r i t i c .  The groundmass co n s is ts  o f  approx imate ly  
equal p a r ts  o f  quar tz  and K - fe ld spa r  and makes up about 50 percent  o f
33
the rock .  P lag io c la se  phenocrysts are clumped to ge the r  in  p a r a l l e l  
synneusis r e l a t i o n .  Where not seve re ly  a l t e r e d ,  they may show f a i n t  
o s c i l l a t o r y  zoning. B i o t i t e  has been p e rva s ive ly  a l t e re d  to  c h l o r i t e ,  
sphene and minor e p ido te .  Phenocrysts o f  quar tz  are rounded and embayed 
K - fe ld sp a r  megacrysts are euhedral in  o u t l i n e ,  b u f f  to  p in k is h -g ra y  in  
c o lo r ,  one to  s i x  cen t imeters  in  le n g th ,  and h ig h ly  p o i k i l i t i c  w i th  i n ­
c lu s io n s  o f  c h l o r i t e ,  b i o t i t e ,  quar tz  and p la g io c la s e .  They occur as 
s in g le  c r y s t a l s ,  some w i th  Carlsbad tw in s .
The Mink Creek p r o p h y r i t i c  andés i te  is  dark green-gray in  c o lo r  and 
s t r o n g ly  p o r p h y r i t i c .  I t  i s  d is t in g u is h e d  from the Mink Creek rhyo­
d a c i te  porphyry on the basis  o f  c o lo r ,  amount o f  q u a r tz ,  hornblende 
and K - fe ld sp a r  megacrysts . Quartz and K - fe ld sp a r  megacrysts in  the 
Mink Creek p o r p h y r i t i c  andés i te  are less abundant, whereas hornblende 
is  more abundant. Megacrysts are g e n e ra l ly  subhedra l ,  b u f f  to  p in k is h  
g ra y ,  and sm a l le r  (up to  th ree  cen t imeters  in  len g th )  than in  the Mink 
Creek rh yodac i te  porphyry .  Carlsbad twins are less common. A s l i g h t  
p re fe r re d  o r i e n t a t i o n  o f  megacrysts was noted in  two d ikes .
K - fe ld sp a r  in  the megacrysts was i d e n t i f i e d  as san id ine  using 
x - ra y  d i f f r a c t i o n  techn iques .  The d i s t i n c t i o n  between san id ine  and 
o r th o c la s e  was based on the 131 peak, which was expected to  show some 
separa t ion  i f  o r th o c la se  were p resen t .  Q u a l i t a t i v e  x - ra y  d i f f r a c t i o n  
in d ic a te s  approx im ate ly  80 percent  Or molecule (Wehrenberg, verbal 
communication, 1977). O p t ica l  p ro p e r t ie s  o f  the K - fe ldspa r  (2V =
15-20°,  nega t ive  o p t i c  s ign  and negat ive  r e l i e f )  con f i rm  the x - ra y
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i d e n t i f i c a t i o n .  Near ly  a l l  megacrysts are euhedral and 130 faces 
are w e l l  developed. As a general r u l e ,  euhedral c r y s ta l  o u t l i n e s  are 
thought  to  r e s u l t  from e a r l y  c r y s t a l l i z a t i o n  (Carmichael,  e t  a l ,  1974).
The euhedral o u t l i n e s  and 130 faces o f  the megacrysts in d ic a te  th a t  
they began c r y s t a l l i z a t i o n  e a r l y  and proceeded to  c r y s t a l l i z e  over a 
prolonged per iod  o f  t ime (Wehrenberg, verba l  communication, 1977).
Subhedral megacrysts are less p re va le n t  and are g e n e ra l l y  r e s t r i c t e d  
to  the Mink Creek p r o p h y r i t i c  andés i te .  Three exp lana t ions  e x i s t  f o r  
t h e i r  less p e r fe c t  o u t l i n e .  F i r s t ,  changing pressure w i t h i n  the magma 
as i t  c r y s t a l l i z e d  could  r e s u l t  in  p a r t i a l  r e s o rp t io n  or c o r ro s io n  o f  
the megacrysts by the m e l t  (Whitney, 1975, p. 28) .  P a r t i a l  r e s o rp t io n  
o f  quar tz  is  widespread in  the East Fork d ik e s ,  however, a d i r e c t  
c o r r e l a t i o n  between qua r tz  and K - fe ldsp a r  cannot be made. Second, 
both b i o t i t e  and p la g io c la s e  show ex tens ive  d e u te r ic  a l t e r a t i o n  and the 
subrounded o u t l i n e s  o f  the megacrysts could  r e s u l t  from a l t e r a t i o n .  
However, t h i s  process appears to  be u n l i k e l y ,  as widespread evidence 
o f  d e u te r ic  a l t e r a t i o n  i s  p resent  in  the Mink Creek rhyodac i te  porphyry 
and i t s  megacrysts are euhedra l .  F i n a l l y ,  s ince the s ize  o f  p e r fe c t io n  
o f  the c r y s ta l s  may be in  p a r t  dependent on t im e ,  the subhedral megacrysts 
could  r e s u l t  from s h o r te r  per iods o f  co o l in g  and c r y s t a l l i z a t i o n .
The megacrysts are always p o i k i l i t i c  and con ta in  in c lu s io n s  o f  
b i o t i t e ,  sphene, p la g io c la s e ,  q u a r tz ,  a p a t i t e ,  a l l a n i t e ,  z i r c o n ,  ep ido te  
and c h l o r i t e .  Epidote and c h l o r i t e  are present  as a l t e r a t i o n  products 
o f  b i o t i t e  and hornblende. B i o t i t e  and /o r  c h l o r i t e  are a l igned  in
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c o n c e n t r ic  zones p a r a l l e l  to  [ 0 1 0 ] ,  [ 1 1 0 ] ,  [ 0 0 1 ] ,  and [ 2 0 1 ] ,  g i v in g  
the megacrysts a zoned appearance. The megacrysts are a lso  zoned in  
c o l o r ;  the cores o f  the c r y s ta l s  are gray and the margins are p ink  to  
b u f f .  Th is  apparent zoning is  thought to  be a product o f  d e u te r ic  
a l t e r a t i o n  or  wea ther ing ,  the p in k ish  c o lo r  r e s u l t i n g  from the 
o x id a t io n  o f  i r o n .
K - fe ldsp a r  megacrysts are thought to  be formed in  two ways: 1)
c r y s t a l l i z a t i o n  from a magma, o r  2 ) growth by potassium metasomatism. 
Workers suppor t ing  e i t h e r  method have c i t e d  the same evidence, p r im a r i l y  
the a l ignment o f  both p la g io c la s e  and mafic  m inera ls  in  zones p a r a l l e l  
to  the c r y s ta l  o u t l i n e s .  Vance (1969, p. 21) has suggested t h a t  some 
metamorphic megacrysts may be r e l i c t  phenocrysts from a p o r p h y r i t i c  
g r a n i t e .  Metasomatic megacrysts are commonly found in  gneisses and 
o th e r  rocks which have undergone reg iona l  metamorphism and de fo rm at ion .  
Magmatic megacrysts are g e n e ra l l y  found in  g r a n i t i c  rocks which show 
no evidence o f  r e c r y s t a l l i z a t i o n  o r  de fo rm at ion .  Determ inat ion  o f  the 
o r i g i n  o f  K - fe ld sp a r  megacrysts should take i n t o  con s id e ra t io n  the 
na tu re  o f  the host rocks as w e l l  as chemical ,  s t r u c t u r a l ,  and c r y s t a l l o -  
g raph ic  c r i t e r i a .
The East Fork megacrysts show the zoning o f  b i o t i t e  and p la g io c la se  
th a t  i s  c h a r a c t e r i s t i c  o f  many K - fe ldspa r  megacrysts . Consequently, 
o th e r  c r i t e r i a  must be used to  help determine t h e i r  o r i g i n .  Two 
examples o f  san id ine  in  synneusis r e l a t i o n  were found a t  l o c a l i t y  EF-2b. 
The c r y s ta l s  are not  twinned accord ing to  any r a t i o n a l  tw in  law f o r
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K - fe ld s p a r .  The sample co n s is ts  o f  two Carlsbad tw in s ;  tw in  B growing 
w i t h  i t s  [001] face p a r a l l e l  to  the [010] face o f  tw in  A. Th e i r  
j u x t a p o s i t i o n  i s  be l ieved  to  have occurred when the two c r y s ta l s  came 
i n t o  con ta c t  du r ing  c r y s t a l l i z a t i o n .  Vance [1969, p. 7 ] s ta tes  t h a t  
the presence o f  synneusis s t ru c tu re s  prov ides evidence f o r  unconfined 
motion w i t h i n  a l i q u i d  phase and " th e re fo re  unequivocal t e x t u r a l  
evidence f o r  magmatic o r i g i n " .
Thus, the East Fork megacrysts appear to  have c r y s t a l l i z e d  d i r e c t l y  
from a magma. Both o p t i c a l  and x - ra y  d i f f r a c t i o n  evidence in d ic a te s  
t h a t  the K - fe ld sp a r  c r y s t a l l i z e d  as san id ine  which i s  a lso  i n d i c a t i v e  
o f  a v o lc a n ic  o r i g i n  f o r  the megacrysts.  Euhedral megacrysts tend 
to  form when c r y s t a l l i z a t i o n  i s  pro longed, whereas subhedral megacrysts 
probab ly  r e s u l t  from s h o r te r  per iods o f  c r y s t a l l i z a t i o n .  The megacrysts 
are prominent and d ikes co n ta in in g  them are e a s i l y  recognized and thus 
c h a ra c te r i  zed.
A 1 te ra t io n
Deute r ic  a l t e r a t i o n  i s  c l a s s i c a l l y  def ined [AGI Glossary o f  Geology, 
197 2, p. 191; Sargent,  1918, p. 19] as the a l t e r a t i o n  o f  an igneous 
body by i t s  own l a t e  stage hydrous f l u i d s .  I t  seems q u i te  l i k e l y  t h a t  
in  some igneous bod ies ,  e s p e c ia l l y  small ones such as d ik e s ,  t h a t  not 
a l l  o f  the a l t e r i n g  f l u i d s  are magmatic, but  r a th e r  a m ix tu re  o f  
magmatic f l u i d s  and c i r c u l a t i n g  groundwater [D. Hyndman, verbal communi­
c a t i o n ,  1977]. Rocks which have undergone a l t e r a t i o n  as they cooled
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commonly show one o r  more o f  the f o l l o w in g  c h a r a c t e r i s t i c s  in  t h in  
s e c t io n :  1 ) maf ic  m inera ls  such as b i o t i t e ,  hornblende o r  pyroxene
have been a l t e r e d  to  c h l o r i t e  or  less f r e q u e n t l y ,  a c t i n o l i t e ,
2) p la g io c la s e  has been a l t e re d  to  s e r i c i t e ,  3) r ims o f  K - fe ldsp a r  
g ra ins  o r  v e in le t s  have been a l t e re d  to  a l b i t e  (Hyndman, 1972, p. 84).  
Deu te r ic  a l t e r a t i o n  can be d is t in g u is h e d  from sur face  weather ing by 
the presence o r  c h l o r i t e  and s e r i c i t e  r a th e r  than i r o n  oxides and c lay  
m ine ra ls  such as sm ec t i te  (Thompson, verbal communication, 1977).
C h lo r i t e  in  the East Fork area i s  the most common a l t e r a t i o n  
product  o f  b i o t i t e  and hornblende which can be seen in  vary ing  stages 
o f  a l t e r a t i o n .  I t  c h a r a c t e r i s t i c a l l y  occurs as a pseudormorph a f t e r  
b i o t i t e ,  forming l i g h t  green, pseudohexagonal p la te s .  The o u t l i n e  o f  
hornblende i s  r a r e l y  preserved and c h l o r i t e  occurs as a mass o f  un­
o r ie n te d  c r y s t a l s .  The former g e n e ra l ly  occurs as phenocrysts ,  but  i t  
may a lso  make up p a r t  o f  the groundmass. R u t i l e  and sphene are f r e ­
q u e n t ly  found growing along the cleavage (pe rpend icu la r  to  the C a x is )  
o f  c h l o r i t e  (F ig .  9 ) .  R u t i l e  was i d e n t i f i e d  by i t s  a c i c u la r  h a b i t  and 
i t s  lo ca l  occurrence w i th  sphene. Sphene was recognized by i t s  high 
p o s i t i v e  r e l i e f  and ra re  wedge-shaped c r y s ta l s .  Epidote was found w i th  
c h l o r i t e  and sphene. I t  showed high p o s i t i v e  r e l i e f  and pa le  y e l lo w  
p leochro ism. C h lo r i t e  in  the East Fork d ikes va r ies  in  c o lo r  from pale  
b lue-green  to  pale  green and is  commonly s t ro n g ly  p le och ro ic  w i th  
x '  -  l i g h t  green and z ' = dark green. The composi t ion o f  c h l o r i t e
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F igure  9. B i o t i t e  phenocryst  complete ly  a l t e re d  to  c h l o r i t e  
Dark n e e d le - l i k e  m inera l  i s  r u t i l e ;  note wedge- 
shaped sphene c r y s ta l  in  upper l e f t  co rner  and 
s ca t te re d  c le a r  g ra ins  o f  a p a t i t e .  Plane l i g h t ,  
g ra in  d iameter approx im ate ly  1 mm.
is  g e n e ra l l y  r e la te d  to the composit ion o f  the o r i g i n a l  mafic  m inera l 
and s t ro n g e r  p leochroism i s  due to  a h igher  i r o n  content  (Deer, Howie 
and Zussman, 1966, p. 237-9) .  Under crossed n ic h o ls ,  the East Fork 
c h l o r i t e  e x h ib i t s  the  anomalous deep b lue in te r fe re n c e  co lo rs  charac­
t e r i s t i c  o f  c h l o r i t e .  The presence o f  c h l o r i t e ,  both as phenocrysts 
and d isseminated through the groundmass, accounts f o r  the gray-green 
c o lo r  o f  many East Fork d ikes .
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S e r i c i t e  can best be de f ined  as a f i n e - g r a in e d ,  c le a r ,  w h i te  
mica which has a composi t ion e q u iv a le n t  to  t h a t  o f  muscovi te
Î *̂ 2 A l 4 (S ig A l 2 0 2 0 ) ( 0 H ,F )^ ] .  However, the composit ion o f  s e r i c i t e  may be 
more complex and v a r ia b le ,  where the a l t e re d  rock does not  co n ta in  or 
has not had a la rge  amount o f  potassium in t roduced .  In a rock c o n ta in in g  
normal amounts o f  sodium and potassium, such as the East Fork or  Mink 
Creek rh y o d a c i te ,  the m inera l  which appears to  be f in e -g r a in e d  s e r i c i t e  
may, in  f a c t ,  in c lu d e  o the r  w h i te  micas such as paragon i te  (N a -r ich  
w h i te  mica) o r  m arga r i te  (C a - r ich  w h i te  m ica).  The term s e r i c i t e  is  
used in  d e s c r ip t io n s  o f  the East Fork rocks w i th  the understanding th a t  
the w h i te  micas observed in  East Fork a l t e r a t i o n  may be co m p o s i t io n a l ly  
more complex than the term s e r i c i t e  im p l ie s .
P lag io c la se  occurs both as phenocrysts and a component o f  the 
groundmass. Most o f  the p la g io c la s e  has been a l t e re d  to  v a r ia b le  amounts 
o f  s e r i c i t e  and c la y s .  Commonly, a l t e r a t i o n  i s  so s trong t h a t  tw inn ing  
and zoning in  the p la g io c la s e  have been obscured. S e r i c i t e  occurs as 
ve ry  s m a l l ,  fe a th e ry  g ra ins  which show f i r s t - o r d e r  in te r fe re n c e  c o lo r s .
In se ve re ly  a l t e r e d  d ik e s ,  i t  i s  coarse-gra ined and shows b i r d 's - e y e  
e x t i n c t i o n  more c h a r a c t e r i s t i c  o f  muscovi te .  S e r i c i t i z a t i o n  may occur 
as an o v e r p r i n t ,  leav ing  recogn izab le  fea tu res  such as tw inn ing  and 
zon ing;  o r  i t  may be severe around the edge o f  the c r y s t a l , obscur ing 
tw in n in g  and zon ing,  leav ing  an una l te red  core in  which these fea tu re s  
are recogn izab le .
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K - fe ld sp a r  o c c u r r in g  in  the groundmass as we l l  as in  megacrysts 
a lso  has been a l te re d  to  s e r i c i t e  and c la y s .  I t  was recognized in  the 
groundmass w i th  the a id  o f  a s o d iu m - c o b a l t i n i t r i t e  s t a i n ,  s ince  a l ­
t e r a t i o n  o f  the groundmass was so severe t h a t  i d e n t i f i c a t i o n  o f  K- 
fe ld s p a r  using o p t i c a l  p ro p e r t ie s  was very  d i f f i c u l t .  K - fe ldsp a r  in  
the groundmass was o f te n  observed w i t h  a cross-hatched p a t te rn  o f  a l ­
t e r a t i o n ,  the o r i g i n  o f  which i s  unknown. A l t e r a t i o n  o f  the megacrysts 
is  e v id e n t  in  handspecimen from the change o f  c o lo r  from the edge ( b u f f )  
o f  the c r y s ta l  to  the cen te r  (g ra y ) .  The inner  boundary o f  t h i s  zone 
i s  d i f f u s e  and rounded and va r ie s  in  th ickness  from one c r y s ta l  to  
ano ther .  The a l t e re d  zone is  composed o f  s e v e re ly -a l te re d  fe ld s p a r  
(most ly  c la y  and s e r i c i t e )  which surrounds small patches o f  una l te red  
K - fe ld sp a r .
Thin sec t ions  o f  the East Fork d ikes revea l  t h a t  they have been 
d e u t e r i c a l l y  a l t e re d  and show a s l i g h t  o v e r p r in t  o f  sur face  weather ing .  
The a l t e r a t i o n  o f  b i o t i t e  and hornblende to  c h l o r i t e  and minor ep ido te  
is  pe rvas ive .  Unal tered b i o t i t e  i s  uncommon. P lag ioc lase  and 
K - fe ld sp a r  have been a l t e r e d  to  s e r i c i t e  and c lays .  The degree o f  
s e r i t i z a t i o n  is  v a r ia b le  and tends to  be s t ron g e r  in  d ikes w i th o u t  
q u a r tz  phenocrysts .
CHAPTER IV 
WHOLE ROCK CHEMISTRY
Twelve whole rock samples were analyzed f o r  e ig h t  major elements 
using x - ra y  f luo rescence  and atomic abso rp t ion  techniques in  order  to  
determine chemical compos i t ion .  Q u a n t i t a t i v e  analyses f o r  S i 0 2 ,
A I 2O3 , Fe^Og, CaO, MgO, K^O and T i 0 2  were made using x - ra y  f luo rescence  
techniques descr ibed by Beno i t  (1972, appendix I I ) .  NagO was de­
termined by S ky l in e  Labs, Inc .  which used atomic abso rp t ion  procedures. 
Two fa c to r s  were inc luded in  the s e le c t io n  o f  a d ike  f o r  a n a ly s is :
1 ) f requency and s ize  o f  ou tc rops ,  and 2 ) p o s i t i o n  w i t h i n  the d ike  
swarm, so t h a t  chemical t re n ds ,  i f  p resen t ,  would be recogn izab le .
Dikes such as the Meadow Creek andés i te  were inc luded because they 
rep re sen t  a very  d i f f e r e n t  type o f  d ik e ,  though on ly  a few outcrops 
were lo ca te d .
Raw x - ra y  f luo rescence  data were reduced w i th  the a id  o f  a 
c a l c u l a t o r  program as the U n iv e r s i t y  o f  Montana computer program was 
not operab le  in  January,  1977. Percentages o f  unknown oxides were 
determined w i th  Monroe programmable c a l c u la t o r  and a program which 
c a lc u la te d  th ree  va lues :  1 ) m, the s lope o f  a l i n e ;  2 ) b, the
y - i n t e r c e p t  o f  t h i s  l i n e ,  and 3) r ,  the c o r r e la t i o n  c o e f f i c i e n t .  Data 
was fed i n t o  the program w i th  "x "  values equal to  the average counts 
per ten seconds o f  a standard f o r  a g iven ox ide and "y"  values equal
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to  the known con ce n t ra t io n  f o r  th a t  s tandard.  Unknown concen tra t ions  
were generated from the fo l l o w in g  fo rmu la :
y = m X + b
Four U.S. Geologica l Survey Standards were counted before  and a f t e r  
each run o f  f o u r  unknowns in  o rder  to  moni to r  machine d r i f t  and to 
p rov ide  more data f o r  the regress ion  l i n e .  A l l  elements w i th  the 
excep t ion  o f  magnesium were counted f o r  5,000 counts o r  more.
Table 2 shows the r e s u l t s  o f  the XRF a na lys is  and those o f
Sky l ine  Labs combined. T o ta ls  o f  a l l  rocks were then p lo t t e d  on the
c l a s s i f i c a t i o n  diagram designed by Church. Because o f  an apparent 
drop in  SiOg o f  fo u r  to  s ix  we igh t  pe rcen t ,  fo u r  samples were sent to  
S ky l ine  Labs f o r  a n a ly s is .  Results  o f  the S ky l ine  analyses and the 
o r i g i n a l  XRF data are shown in  Appendix I .  No values f o r  p re c is io n  in  
e i t h e r  type o f  a n a lys is  were determined.
Rock names f o r  the East Fork d ikes were determined using a c l a s s i ­
f i c a t i o n  developed by Church (1975, F ig .  10). The c l a s s i f i c a t i o n  is  
based on an orthogonal p l o t  o f  NagO+KgO versus FeO + Fe^O^ +
(CaO + MgO) versus A l 2 0 3 / S i 0 2 , in  we ight  percen t .  I t  i s  easy to  use
because on ly  a d d i t i o n  and d i v i s i o n  o f  the major oxides are requ ired  to  
p l o t  the da ta .  Compounding o f  a n a ly t i c a l  e r r o r  through data manipu­
l a t i o n  i s  a lso  a t  a minimum. The c l a s s i f i c a t i o n  was developed by 
p l o t t i n g  1,422 analyses o f  v o lc a n ic  rocks (165 r h y o l i t e s ,  112 d a c i te s .
Table Whole Roc|^ Analj;^es for _
-12b
1 1 1 1.2 USGS Standards^
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Analysis redone by Skyline Labs, Inc .,  new values for a l l  oxides except Fe203 are plotted.
Saiiple contaminated by Fe when ground to pulp in disc-grinder.
Values shown a fte r  Flanagan, 1973.
A. A ll Na20 values determined by Skyline Labs, Inc.
B. No l im its  of precision were determined for XRF analyses; none were supplied for work done by Skyline Labs, Inc.
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364 a n d é s i te s ,  155 t r a c h y t e s , 444 b a s a l t s ) .  One hundred e i g h t y - f i v e  
analyses were e l im in a ted  from the con tour ing  procedure on the basis 
c f  t h e i r  j r r j S ' j c l  a rd  obscure  na^es .  The a r r a y  o f  p o i n t s  was c o n t o u r e d ,  
and the ca tegory  was de f ined by tw o - th i r d s  o f  the t o t a l  po in ts  f o r  
t h a t  rock name (Church, 1975, p. 260). The East Fork d ikes and the 
U.S.G.S. Standards used dur ing  a na lys is  are shown in  F igure 10. Only 
two samples, the Meadow Creek andés i te  and the Mink Creek p o r p h y r i t i c  
a ndés i te  f a l l  ou ts id e  the d a c i te  boundary. The m a jo r i t y  o f  the analyzed 
rocks are d a c i te s .  Four samples, as we l l  as the U.S.G.S. standard 
G-2, f a l l  in  the rh yod a c i te  f i e l d ,  as de f ined by the over lap  between 
the r h y o l i t e  and d a c i te  f i e l d s .
Although on ly  th ree  major chemical rock types were de f ined  using 
Church's (1975) c l a s s i f i c a t i o n ,  the m inera log ies  o f  these rhyod a c i tes ,  
d a c i te s  and andés i tes  show some in te rn a l  v a r i a t i o n .  The rhyodac i tes  
are the le a s t  v a r ia b le  rock type. They g e n e ra l ly  have phenocrysts 
o f  q u a r t z ,  p la g io c la s e ,  and b i o t i t e  (o r  c h l o r i t e )  plus or minus 
K - fe ld sp a r  megacrysts in  a m a t r ix  o f  quartz  and K - fe ld spa r .  The da c i tes  
co n ta in  phenocrysts o f  p la g io c la se  and b i o t i t e  (p lus c h l o r i t e )  w i th  or  
w i t h o u t  qua r tz  in  a groundmass o f  both quar tz  and K - fe ldspa r  or  
K - fe ld s p a r  alone. The two andés i tes  show the most v a r i a t i o n  in  
m inera logy .  The Meadow Creek andés i te  conta ins a few small phenocrysts 
o f  qu a r tz  and no phenocrysts o f  p la g io c la se  in  a groundmass o f  
p la g io c la s e  and a l t e re d  mafic  m inera ls  whereas the Mink Creek p o r p h y r i t i c
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Figure 10. T r iax ia l  p lo t  showing f ie ld s  o f  va r ia t ion  o f  most common volcanic 
rocks; contours are inc lus ive  o f  two-th irds  o f  to ta l  points counted 
fo r  each rock type. (A f te r  Church, 1975). Rock names fo r  the 
East Fork dikes were chosen using th is  c la s s i f i c a t io n .
.pi*un
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a nd és i te  con ta ins  phenocrysts o f  q u a r tz ,  p la g io c la s e ,  hornblende, and 
K - fe ld s p a r  in  a groundmass o f  the same m in e ra ls .  D i f fe rences  in  
chemical composi t ion as w e l l  as changes in  temperature and pressure 
are r e f l e c t e d  by v a r i a t i o n  in  m inera logy and te x tu re .
P lo t te d  on SiOg v a r i a t i o n  diagrams (Marker d iagrams),  analyses o f  
the East Fork d ikes vary about a p o s i t i v e l y  o r  n e g a t iv e ly  s lop ing  
s t r a i g h t  l i n e  which was v i s u a l l y  determined f o r  a l l  elements (F igure  11). 
Rocks which show s t r a i g h t  l i n e  v a r i a t i o n  have been in te rp r e te d  as 
co-magmatic; t h a t  i s ,  they are de r ived  from the same source. The 
Meadow Creek andés i te  is  the most mafic  o f  the East Fork d ik e s ,  w i th
60.4 percen t  SiOg and 6.96 percent  Fe^Og, There is  an abso lu te  d i f f e r e n c e
o f  f o u r  percen t  SiÛ2 , between the Meadow Creek andés i te  and the next 
most s i l i c i c  d ike  on the v a r i a t i o n  diagram, a break tw ice  as la rge
as any o th e r  between the East Fork d ikes .  This break may o r  may not
be s t a t i s t i c a l l y  s i g n i f i c a n t .  Thin sec t ions  reveal a nea r ly  equ i -  
g ra n u la r  t e x tu r e ,  which i s  unusual f o r  rocks in  the area. The Meadow 
Creek andés i te  may in  f a c t ,  represen t  a s l i g h t l y  d i f f e r e n t  type o f  
d ike  o r  perhaps a l a t e r  stage o f  i n t r u s i o n .
Hyndman (1972, p. 8 8 ) has po in ted ou t  severa l hazards assoc ia ted 
w i th  the use o f  Marker diagrams. Two o f  these apply  d i r e c t l y  to  the 
East Fork diagrams. F i r s t ,  enough analyses must be used in  o rder  to  
determine a s t a t i s t i c a l l y  accura te  curve. A d m i t te d ly ,  eleven analyses 
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Figure 1 1 . SiOp Var ia t ion  Diagrams f o r  East Fork Dikes
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any conc lus ions  made from these diagrams must be made w i th  t h i s  in  
mind. Second, Bowen (1928, i j i  Hyndman, 1972) s ta tes  t h a t  the d i f ­
f e r e n t i a t i o n  curve f o r  g lassy  or f in e -g ra in e d  rocks may be v a l i d ,  but  
t h a t  p o r p h y r i t i c  o r  coarse-gra ined  rocks may have formed in  p a r t  by 
c r y s ta l  accumula t ion .  To what e x te n t ,  i f  any, the p o r p h y r i t i c  
na ture  o f  the East Fork d ikes has been determined by c r y s ta l  accumu­
l a t i o n ,  i s  unknown. Evidence o f  c r y s ta l  s e t t l i n g  was observed in  
o n ly  one lo c a t io n  f o r  one type o f  d ik e .  The ro le  o f  c r y s ta l  s e t t l i n g  
in  chem is try  and fo rm a t ion  o f  the remainder o f  the East Fork dikes 
remains u n c e r ta in .
The East Fork D ikes,  w i th  the except ion  o f  the Meadow Creek 
a n d é s i te ,  are a group o f  chem ica l ly  c o n s is te n t  p o r p h y r i t i c  d ikes .
The average composit ion is  67 percent SiOg, a rh yod a c i te .  Ten samples 
were analyzed f o r  base metals (copper,  molybdenum, lead ,  and z inc )  and 
r e s u l t s ,  shown in  Table 2, in d ic a te  th a t  the dikes con ta in  average 
concen t ra t io n s  o f  base m eta ls .  No unusual chemical s igna tu re  appears 
to  e x i s t  f o r  the East Fork d ik e s .  They do not con ta in  abnormal amounts 
o f  any o the r  major oxides or base meta ls .
CHAPTER V 
CONCLUSIONS
The East Fork d ikes were found to  be a group o f  chem ica l ly  
s i m i l a r ,  but  t e x t u r a l l y  d iv e r s e ,  rocks .  The composit ions o f  the 
East Fork d ikes vary from andés i te  to  rh yo d a c i te ,  w i th  a mean com­
p o s i t i o n  o f  rhyoda c i te  and a mode c o n s is t in g  o f  d a c i t e .  When p lo t te d  
on Marker v a r i a t i o n  diagrams, most oxides vary  about a v i s u a l l y  
es t imated s t r a i g h t  l i n e ,  i n d i c a t i n g  t h a t  they represen t  the same per iod  
o f  i n t r u s i o n .  I t  i s  probable  t h a t  the gap between the Meadow Creek 
an d és i te  (60.45 percent  SiO^) and the r e s t  o f  the analyses in d ic a te s  
a t ime i n t e r v a l  between per iods  o f  i n t r u s i o n .  The Meadow Creek a n d és i te ,  
which i s  thought  to  be l a t e r ,  i s  the on ly  n o n -p o r p h y r i t i c  d ike  type 
in  the East Fork area ,  and appears to  cu t  the e a r l i e r ,  more f e l s i c  
p o r p h y r i t i c  d ike s .  The f i r s t  phase to  begin c r y s t a l l i z a t i o n  in  most 
d ikes  i s  e i t h e r  p la g io c la s e  o r  a l k a l i  fe ld s p a r  ( s a n id in e ) .  Some o f  
the d ikes p l o t  near the thermal trough d i v id in g  the c r y s t a l l i z a t i o n  
o f  q ua r tz  from f e ld s p a r ,  i n d i c a t i n g  t h a t  quartz  in  most cases was p re ­
c i p i t a t e d  w i th  fe ld s p a r .
The m inera logy o f  the d ikes i s  a lso  s i m i l a r ;  the major components 
o f  the d ikes are q u a r t z ,  p la g io c la s e ,  b i o t i t e ,  K - fe ld s p a r ,  and in  
some cases hornblende. The mafic  m inera ls  have been p e rva s ive ly  
a l t e r e d  to  c h l o r i t e  plus r u t i l e ,  sphene, e p id o te ,  o r  c a l c i t e .  The
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a l t e r a t i o n  m inera ls  are commonly found as pseudormorphs a f t e r  b i o t i t e  
and hornblende. Both p la g io c la s e  and K - fe ldsp a r  show a l t e r a t i o n  to  
s e r i c i t e  and c la y s ,  though the degree o f  a l t e r a t i o n  i s  s t ro n g ly  
v a r ia b l e .  K - fe ld sp a r  is  found p r im a r i l y  in  the groundmass, though 
two types o f  d ik e ,  the Mink Creek rh yodac i te  porphyry and the Mink 
Creek p o r p h y r i t i c  andés i te  con ta in  la rge  (up to  s i x  cent imeters  in  
le n g th )  euhedral megacrysts o f  sa n id ine .
Near ly  a l l  o f  the East Fork d ikes are p o rp h y r y t i c ,  w i th  pheno­
c ry s ts  o f  q u a r tz ,  p la g io c la s e ,  K - fe ld s p a r ,  b i o t i t e ,  and/or  hornblende. 
The amount o f  phenocrysts may vary w i t h in  a d ike  type ,  though t y p i c a l l y  
t h i s  v a r i a t i o n  is  on ly  a few percen t .  More commonly, the amount o f  
phenocrysts va r ies  from d ike  type to  d ike  type ,  from 30 to  60 percent .
The East Fork d ikes commonly share th ree  t e x tu r a l  fe a tu re s :  
rounded and embayed q u a r tz ,  synneusis s t r u c tu r e s ,  and o s c i l l a t o r y  
zoning in  p la g io c la s e .  Rounded, embayed quar tz  i s  c u r r e n t l y  thought 
to  form as a r e s u l t  o f  a drop in  pressure,  which renders quar tz  an 
uns tab le  phase, and re s o rp t io n  takes p lace .  Quartz phenocrysts in  the 
East Fork d ikes are commonly rounded and less f re q u e n t ly  deeply embayed, 
Synneusis s t ru c tu re s  form when two or  more we l l -deve loped c r y s ta l s  
f l o a t  to g e the r  in  a m e l t  and are not broken apa r t  by l a t e r  tu rbu lence .  
They are best observed in  p la g io c la s e ,  where o s c i l l a t o r y  o r  normal 
zoning is  d is ru p te d  and the i n d iv id u a l  c r y s ta l s  may be r e a d i l y  d i s ­
t in g u is h e d .  Synneusis s t ru c tu re s  are abundant in  the p la g io c la se  found
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i n  the East Fork d ike s .  Synneusis s t ru c tu re s  may a lso  be observed 
in  groups o f  rounded quartz  c r y s ta l s  and r a r e l y ,  between two mega­
c ry s ts  o f  san id ine .  O s c i l l a t o r y  zoning is  a lso  abundant in  the East 
Fork d ik e s .  I t  i s  c u r r e n t l y  thought to  r e s u l t  from d i f f u s i o n  and 
su p e rs a tu ra t io n  o f  a n o r th i t e  ad jacen t  to  a growing c r y s t a l , though 
o th e r  hypotheses in c lude  the p r e c i p i t a t i o n  o f  a zone o f  a n o r t h i t e  as 
a r e s u l t  o f  the re lease  o f  v o l a t i l e s .
The East Fork swarm is  thought to  represen t  the northeasternmost 
express ion o f  the West Fork v o lca n ic  ce n te r .  Dikes are more abundant 
in  the southwestern p o r t io n  o f  the study area and may p o s s ib ly  denote 
the no r the a s t  l i m i t  o f  v o lc a n ic  a c t i v i t y  in  the West Fork area. The 
East Fork area may a lso  rep resen t  a separate v o lca n ic  c e n te r ,  though 
w i th  l im i t e d  exposure and outcrop o f  vo lc a n ic  rocks in  the area t h i s  
seems u n l i k e l y .
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GROUP 1
APPENDIX I
Table 3. Conparlson of XRF data with outside analyses
GROUP 2 GROUP 3 STANDARDS
2a Nil-12b Ml-16c MC-7 MC- 12 MC--19 EF- 3c2 EF-■3c2j MA-■1 SC-•5 EF-■2d 12--3 1 G--2 GSP-1 AGV-1 BCR-1
SiOg 62. 59 64.26 71.39 68.35 60 41 67 05 65 68 66 67 62 81 63 96 61 52 59 34 j  69 11 67.38 59.00 54.50
A12Ü3 16 03 15.13 15.80 15.70 15. 21 15 74 15 74 16 01 15 17 15 53 15 03 14 14 15 40 15.25 15.75 13.61
Pe203 à 79 6.57 3.40 4.77 : 6 96 4 68 4 63 4 64 1 4 14 3 89 4 83 9 70 2 65 4.33 6.76 13.40
XgO 1 39 3.09 1.04 1.23 j 4 20 1 32 1 84 1 67 1 1 59 0 51 2 01 1 22 0 76 0.96 1.53 3.46
CaO 2 21 3.91 1.07 1.95 4 82 2 04 2 81 2 63 1 67 2 12 3 17 2 86 1 94 2.02 4.90 6.92
F'20 4 07 3.54 3.88 4.07 1 2 53 3 88 3 24 3 23! 3 51 3 04 3 40 3 74 4 51 5.53 2.89 1.70
TiOg 0 38 0.54 0.32 0.48 j 0 62 0 45 0 40 0 39 I 0 37 0 39 0 44 0 45 0 50 0.66 1.04 2.20
Total 98 .46 97.04 96.90 96.55 94 .75 95 .16 94 .34 95 24 89 26 89 44 90 4 91 45 94. 87 96.13 91.87 95.79
Note: No analyses to determine
precision were made.
XRF data without corrections from outside laboratory. 
Samples are grouped as they were run. Note the drop 
of 4 to 6 percent SiO^ in  Group 3,
Sample 12-3 was contaminated during grinding.
Ml-12a MA-1 SC-5 EF-2d 12-3
SiÛ2 68.4 69.1 69.3 67.4 66.4
AlgOj 15.3 14.9 15.7 15.3 13.9
Fe203 3.4 3.1 3.1 3.9 8.1
MgO 1.3 1.5 0.46 1.9 1.2
CaO 2.3 1.7 2.2 3.2 2.9
KgO 4.2 3.7 3.4 3.6 3.8
Ti02 0.40 0.37 0.38 0.42 0.44
NagO 4.2 4.9 4.2 4.0 3.5
Whole rock analyses from Skyline Labs, Inc.
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